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in individuals exposed to radiation is significant and that limiting exposure
to radiation to reduce the risk of cancer also limits the genetically significant
exposure. Second, the instruments and techniques used in medical radiation
have improved significantly, so that the overall doses used hi medical
diagnoses are reduced and patient exposure in all but the targeted organs
is lessened. Third, in regard to the induction of mutations, the greater
current risk seems to result from exposure to chemical mutagens in the
environment rather than from the exposure of populations to radiation.
Despite changed conditions, estimating the genetic effects of radiation
remains important for setting exposure standards, both for the general
population and for those exposed in their occupations.

There are many difficulties in measuring the genetic effects of exposure
of the human population to radiation and other mutagens. This is why,
more than 20 years after the BEAR Committee first addressed the issues of
radiation exposure, there is still uncertainty and controversy. The following
are some of the difficulties and considerations that must be kept in mind.

The genetic effects of radiation are expressed, not in irradiated indi-
viduals, but in their immediate or remote offspring. The time lag is great
because of the duration of the human life cycle, and massive epidemiologic
studies with long-term follow-up are needed to accumulate sufficient data
for statistical analysis. Moreover, for risk estimation of exposures that are
not uniformly or randomly delivered to the entire population, the age and
sex distribution of the exposed population and the different probabilities of
having children for members of the population of each age and sex must
be taken into account.

The mutations induced by radiation can also occur spontaneously.
When humans are exposed to low doses of radiation, it is difficult to
estimate what small increment of mutations is induced by radiation above
that from spontaneous background radiation. However, radiation has been
found to be mutagenic in all organisms studied so far, and there is no reason
to suppose that humans are exempt from radiation's mutagenic effects.
These mutagenic effects are expected to be harmful to future generations
because, in experimental organisms, the majority of new mutations with
detectable effects are harmful, and it is assumed that humans are affected
similarly. Indeed, the harmful effects of mutations that occur spontaneously
in humans are well documented, because many of them result in genetic
disease.

The genetic effects of radiation must be detected through the study of
certain endpoints, for example, visible chromosome abnormalities, proteins
with altered conformations or charges, spontaneous abortions, congenital
malformations, or premature death. In addition, radiation induced muta-
tions may affect different endpoints to different degrees. For example, the
dose of radiation required to double the incidence of one endpoint need